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In a recent letter, Barbieri and Hall [1] consider the effects of ultra heavy
particle thresholds on the unification of gauge coupling constants in the minimal
supersymmetric unified theory based on SU(5). To test for unification of the gauge
couplings αi(µ), i = 1, 2, 3 at some scale µ = MV , one extrapolates the measured
values αi = αi(MZ) to the supersymmetric threshold, µ = MS . At that point the
rules for extrapolation —the β functions— change because of additional degrees
of freedom that become active. Normally one extrapolates further to µ≫MS and
tests whether there is a scale µ = MV , such that α1(MV ) = α2(MV ) = α3(MV ).
One can thus determine whether a SUSY scale MS exists such that unification
occurs; this, in turn, determines MS .
Barbieri and Hall point out that this normal procedure implicitly assumes that
all of the ultra-heavy particles —those whose masses are of order MV— are de-
generate. Relaxing this artificial assumption gives additional modifications to the
extrapolation rules. For every new ultra heavy particle there is a corresponding
modification to the extrapolation rules. This introduces additional unknown pa-
rameters. As a result one can achieve unification for a wide range of MS . One
can no longer determine the threshold for supersymmetric particles at all. Barbieri
and Hall summarize their result in the following equation
∗
:
ln
MS
MZ
= I +
5
22− 3nh
ln
MV
MΣ
−
13
22− 3nh
ln
MV
MH
, (1)
where MH , MΣ and MV are the masses of the super multiplets containing the
colored triplet higgs, the adjoint higgs, and the super heavy vector bosons, respec-
tively, nh is the number of higgs doublets lighter than MS , and I is given in terms
of measured inputs:
I =
4pi
(22− 3nh)α
[3− 15 sin2 θW + 7
α
αs
]. (2)
For nh = 1, α
−1 = 127.8± 0.2, sin2 θW = 0.2334± 0.0008 and αs = 0.115± 0.007,
they find I = −2.1± 2.6± 1.0.
∗ The coefficients of the logarithms differ from those of Barbieri and Hall. This does not
affect their conclusions.
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The precision of the determination of MS depends crucially on how distinct
from MV ∼ 10
16GeV the other two free parameters MΣ and MH can be. Barbieri
and Hall use MH ≥ 10
10GeV . With this lower bound and assuming MH is smaller
than the Planck mass, one gets
−9.5 < −
13
19
ln
MV
MH
< 4.7 (3)
Together with eq. (1) this gives bounds on MS that are not at all restrictive.
We point out that there are some quite solid theoretical and experimental
constraints on the ultra heavy masses that were overlooked in Ref. [1]. Proton
stability gives a rather stringent bound MH > x · 10
16GeV , where x depends
on the details of the model but is of order of unity. This is readily estimated as
follows. Exchange of a colored fermion in the H–H¯ multiplets gives rise to B and L
violating, dimension five operators (squark–squark–quark–lepton), with coefficient
λ2q/MH , where λq is the light–quark Yukawa coupling. Gluino exchange yields B
and L violating operators of dimension 6 involving light quarks and leptons only,
with coefficient (λ2q/MH)(α3/pi)1/MS. For proton stability this must be smaller
than 10−30GeV −2, giving MH > 10
16GeV .
An upper bound on MH can be obtained by requiring internal consistency.
The most general superpotential for the Σ, H , H¯ fields is
W = mH¯H + λH¯ΣH +
1
2
λ′vTrΣ2 +
1
3
λ′TrΣ3 (4)
and 〈Σ〉 = vdiag(2, 2, 2,−3,−3), where v = MV /gU . The Higgs doublet will
be massless only if m is fine tuned. Thus MH is determined by λ and λ
′ (and
MV ). The requirement that there be no Landau poles in these dimensionless
couplings below the scalar mass MH gives an upper bound MH of only a few
times v (the precise number requires non–perturbative calculations, beyond the
scope of this commentary). Since g
U
∼ 0.7, one has, conservatively, MH ≤ 10MV ;
thus, |13
19
ln MV
MH
| ≤ 1.6. Since MH cannot differ from MV by more than an order
2
of magnitude the leading log calculation of threshold effects leading to eq. (1) is
inadequate: and a full one loop analysis – beyond the scope of this comment — is
needed.
While a triviality argument again gives an upper bound on MΣ, no useful
lower bound can be obtained from proton stability considerations. Recent LEP
results suggest a larger value for αs than the one quoted above. With[2,3] αs =
0.125± 0.005 and α and sin2θW as above, one has I = −5.3± 2.5 or I < −2.8(1σ)
(here and below we specialize to the nh = 2 case). Neglecting heavy thresholds,
this gives MS ≤ 1.1MZ , a somewhat uncomfortably low value. The bound is
weakened ifMΣ is substantially smaller than MV . However, asMΣ/MV decreases,
so does MZ/MV , so that eventually MV reaches the Planck scale:
ln
MZ
MV
= I˜ +
2
3
ln
MZ
MS
and ln
MZ
MΣ
= Iˆ −
38
15
ln
MZ
MS
, (5a, b)
where
I˜ =
pi
6α
[3− 18 sin2 θW + 10
α
αs
] and Iˆ =
pi
30α
[−57 + 270 sin2 θW − 118
α
αs
]
(6a, b)
For MS = MZ (MS = 10MZ) and α and sin
2 θW as above, this occurs for αs =
0.128 (αs = 0.123 ) and MΣ = 8.1 × 10
8GeV (MΣ = 1.2 × 10
8GeV ), where
MP lanck = 1.2× 10
19.
Larger values of αs can be accommodated by breaking the degeneracy of the
Σ-multiplet. Under SU(2)×SU(3) this contains a singlet, a (3, 1) of mass M3 and
a (1, 8) of mass M8. For M3 < M8 one has
ln
MZ
MV
= I˜ +
2
3
ln
MZ
MS
−
25
12
ln
M3
M8
and ln
MZ
M3
= Iˆ −
38
15
ln
MZ
MS
+
59
12
ln
M3
M8
,
(7a, b)
so that unification is attained for MV < MPlanck, with MS/MZ undetermined. In
minimal SUSY SU(5)-GUT, M3 = M8 (cf. eq. (4)). However, M3 6= M8 may
be induced by higher dimension operators. Since MΣ/MV ≪ MV /MPlanck, the
condition M3 ≪M8 may be attained easily.
3
Two different methods are used at LEP to extract αs [4,5]. The “event topol-
ogy” method has smaller error bars, which are mainly theoretical. The second
method involves measurement of the ratio Γhad/Γlep at the Z peak and yields
αs = 0.148 ± 0.021 [3]. If the estimate of theoretical uncertainties in the first
method proves to be too optimistic, and if αs turns out to be as large as suggested
by the second method, the Minimal Supersymmetric GUT Model based on SU(5)
may remain compatible with experiment, but the original compelling simplicity
will be lost.
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